Introduction
============

Atherosclerotic disease is a main cause of severe cardiovascular events, such as myocardial infarction and stroke. As the prevalence of atherosclerosis increases globally due to aging population, identifying atherosclerotic plaques will be of utmost importance for early diagnosis and intervention, which will substantially decrease the health care burden.[@b1-cia-11-683]

Evidence is available indicating that subclinical atherosclerosis in carotid artery is associated with the presence and severity of coronary artery disease (CAD) and with an increased 10-year risk of cardiovascular events.[@b2-cia-11-683]--[@b5-cia-11-683] The association between thoracic aortic plaques and CAD has been often reported by using transesophageal echocardiography.[@b6-cia-11-683],[@b7-cia-11-683] Furthermore, researchers found that the extent of thoracic aortic atheroma burden was independently associated with increased long-term mortality in patients following cardiothoracic surgery.[@b8-cia-11-683] Although autopsy studies reported plaques in the abdominal aorta to be severe in patients with cardiac catastrophe,[@b9-cia-11-683] there are limited studies showing the association between CAD and abdominal aortic plaques. Only a small number of observational studies reported that the prevalence and extents of plaques in abdominal aortas were greater in patients with CAD than in those without CAD by using cardiovascular magnetic resonance (CMR). But they reported that plaques in abdominal aorta were not independent factors for CAD.[@b9-cia-11-683]--[@b11-cia-11-683] Besides, due to lack of large-scale data, the results of these studies may not be convictive. Although CMR was a useful tool for evaluating atherosclerotic plaques in abdominal aortas,[@b12-cia-11-683] it is neither cost efficient nor suitable for population-based studies.

The 2014 ESC guidelines recommend that population screening for abdominal aortic aneurysm (AAA) should be performed by abdominal aorta ultrasound in all men \>65 years of age.[@b13-cia-11-683] Abdominal aorta ultrasound has become a useful tool to not only screen AAA but also evaluate atherosclerotic plaques, which is noninvasive, easy to assess, cost efficient, and could be routinely used in population-based study.[@b1-cia-11-683] However, the significance of abdominal aortic plaques detection by ultrasound imaging is not yet definitive.

The association between CAD and abdominal aortic plaques has not yet been clarified clearly. The purpose of the present study was to determine the prevalence of abdominal aortic plaques by ultrasound imaging and to explore its association with CAD in patients undergoing coronary angiography.

Subjects and methods
====================

Study patients
--------------

Between October 2014 and June 2015, a prospective study was conducted in the Department of Cardiology at Guangdong General Hospital, Guangzhou, People's Republic of China. The study was approved by the ethics committees of Guangdong General Hospital. Abdominal aortic ultrasound is a routine examination in patients undergoing coronary angiography in our hospital. As this was an observational study, written informed consent was not required according to the policy of the ethics committees of Guangdong General Hospital. Ultrasound scanning of the abdominal aortas was performed in 1,667 consecutive patients undergoing coronary angiography for suspected or known CAD, or prior to valve surgery. Excluded were patients with aortic diseases, congenital heart disease, infectious diseases, autoimmune diseases, or neoplasma. The clinical characteristics of the patients and their coronary profile were collected prospectively.

Coronary angiography
--------------------

Coronary angiography was performed using a standard technique. Obstructive CAD was defined as the existence of astenosis \>50% of the lumen diameter of at least one major coronary vessel. The severity of the disease referred to the number of identified stenosed vessels (lumen diameter \<50%) \[one-, two-, or three-vessel disease\]) and was evaluated by two experienced cardiologists, who were blinded to the ultrasound evaluation of the abdominal aortas.[@b3-cia-11-683]

Assessment of abdominal aortic atherosclerosis
----------------------------------------------

Atherosclerosis of the abdominal aortas was assessed by ultrasound scanning with a ultrasound device equipped with a Philips iE 33 imager with a 3.5/7 MHz multiplane probe. All studies were recorded and were reviewed offline by two independent senior echocardiographers who were blinded to patient demographics as well as to coronary profile. A third expert was advised in case of disagreement, and the majority view was adopted.

Abdominal aortic intimal morphology was graded by a modification of the classification proposed by Pitsavos et al;[@b14-cia-11-683] thus, atherosclerotic plaque characteristics and maximum width were graded as follows: grade I, normal intima; grade II, increased intimal echo density without lumen irregularity; grade III, increased intimal echo density with single or multiple well-defined atheromatous plaque ≤3 mm; and grade IV, atheroma \>3 mm or mobile or ulcerated plaque. Each patient was characterized on the basis of the most severe identified lesion. Grades III and IV were considered to represent abdominal aortic plaque.[@b15-cia-11-683]

Evaluation of risk factor variables
-----------------------------------

The risk factor variables evaluated in the present study included age, sex, smoking, hypertension, diabetes mellitus, chronic kidney disease, triglyceride, total cholesterol, low density lipoprotein-cholesterol (LDL-C), and high density lipoprotein-cholesterol (HDL-C).

Hypertension was defined as present if there was any history of high blood pressure or if the blood pressure measured twice in the hospital exceeded 140 mmHg (systolic) or 90 mmHg (diastolic) or in case of current use of antihypertensive medications.

Diabetes mellitus was defined as present if the patient had a history of diabetes or if the fasting plasma glucose exceeded 7.0 or 11.1 mmol/L 2 hours after a meal or in case of current use of diabetic medications.

Chronic kidney disease was defined as present if the estimated glomerular filtration rate (eGFR) was less than 60 mL/min/1.73m^2^. The eGFR (expressed as mL/min/1.73 m^2^) was computed using a prediction formula derived from the Modification of Diet in Renal Disease study:[@b16-cia-11-683] eGFR =186 × (serum creatinine^−1.154^) × (age^−0.203^) × 0.742 (if female).

Blood samples measured by standard laboratory methods were taken in a fasting state on the morning of the day when angiography was performed.

Statistics
----------

Quantitative data are presented as mean ± standard deviation (SD) and qualitative data are presented as frequencies. Differences between two groups were evaluated by the unpaired *t*-test for parametric variables and by the chi-square test for categorical variables. A multiple logistic regression analysis was used to elucidate the associations between abdominal aortic plaque and CAD. An ordinal logistic regression analysis was used to elucidate the associations between abdominal aortic plaque and the severity of CAD. A *P*-value of \<0.05 was considered statistically significant. All the statistical analyses were made with the SPSS for Windows software, version 20.0 (IBM Corporation, Armonk, NY, USA).

Results
=======

Prevalence of abdominal aortic plaques in patients with CAD
-----------------------------------------------------------

Of the 1,667 study patients (male, 68.9%; mean age, 63±11 years) undergoing coronary angiography, 1,268 had CAD (\>50% stenosis). Compared with 399 patients without CAD, 1,268 patients with CAD had higher prevalence of abdominal aortic plaque (37.3% vs 17%; *P*\<0.001). Other clinical characteristics in patients with and without CAD are displayed in [Table 1](#t1-cia-11-683){ref-type="table"}.

Factors associated with the presence of CAD
-------------------------------------------

To identify any independent factor associated with the presence of CAD, clinical variables (age, sex, smoking, hypertension, diabetes mellitus, chronic kidney disease, triglyceride, total cholesterol, LDL cholesterol, HDL cholesterol, abdominal aortic plaque) were entered into a multivariate logistic regression model. In multivariate analysis, male sex (odds ratio \[OR\] =2.45; 95% confidence interval \[CI\] =1.76--3.41; *P*\<0.001), diabetes mellitus (OR =1.54; 95% CI =1.09--2.17; *P*=0.014), and abdominal aortic plaque (OR =2.08; 95%CI =1.50--2.90; *P*\<0.001) were independent factors associated with the presence of CAD ([Table 2](#t2-cia-11-683){ref-type="table"}).

Prevalence of abdominal aortic plaques according to the coronary profile
------------------------------------------------------------------------

Of the 1,268 patients with CAD, 363 had one-vessel disease, 306 had two-vessel disease, and 599 had three-vessel disease. The prevalence of abdominal aortic plaques was 27.0% (98/363) in patients with one-vessel disease, 35.0% (107/306) in patients with two-vessel disease, and 44.7% (268/599) in patients with three-vessel disease. As shown in [Figure 1](#f1-cia-11-683){ref-type="fig"}, stepwise increases in the prevalence of abdominal aortic plaque were found to depend on the number of stenotic coronary vessels (*P*\<0.001; *P*-value for trend \<0.001).

Factors associated with the severity of CAD
-------------------------------------------

To identify any independent factor associated with the severity of CAD according to the number of stenotic coronary vessels, clinical variables (age, sex, smoking, hypertension, diabetes mellitus, chronic kidney disease, triglyceride, total cholesterol, LDL-cholesterol, HDL-cholesterol, and abdominal aortic plaque) were entered into an ordinal logistic regression model. In multivariate analysis, diabetes mellitus, chronic kidney disease, LDL-cholesterol, HDL-cholesterol, and abdominal aortic plaque were the independent factors associated with the severity of CAD ([Table 3](#t3-cia-11-683){ref-type="table"}).

Discussion
==========

Atherosclerosis is a generalized, progressive disease that may simultaneously affect several arterial trees of the body, such as carotid arteries, femoral arteries, and popliteal arteries.[@b3-cia-11-683],[@b17-cia-11-683] Subclinical atherosclerosis can be noninvasively identified and analyzed to provide prognostic information beyond that provided by traditional cardiovascular risk factors alone as well as to show the cumulative effect of all risk and susceptibility factors.[@b18-cia-11-683] Due to the increasing trend of cardiovascular and cerebrovascular events in many patient populations, the identification and analysis of subclinical atherosclerosis are of utmost importance for the reduction of these severe events.

Carotid atherosclerosis as shown on ultrasound, aortic atherosclerosis detected by ultrasound, and lower extremity atherosclerosis reflected by the ankle-brachial index are validated measures of atherosclerosis that are routinely used in population-based studies because they are relatively cheap, noninvasive, easy to assess, and cost efficient.[@b18-cia-11-683]--[@b21-cia-11-683] Currently, noninvasive imaging modalities for aortic atherosclerotic plaque detection include ultrasound, computed tomography, magnetic resonance imaging, and angiography.[@b1-cia-11-683]

The association between CAD and thoracic aortic plaques has often been reported by using transesophageal echocardiography.[@b6-cia-11-683],[@b7-cia-11-683] Several studies indicated that thoracic plaques may be more strongly associated with CAD than carotid or femoral artery plaques detected by ultrasonography and to be associated with cardiovascular events.[@b9-cia-11-683],[@b22-cia-11-683] Although autopsy study reported plaques in the abdominal aorta, but not in the thoracic aorta, to be severe in patients with cardiac catastrophe,[@b9-cia-11-683] there are limited studies showing the association between CAD and abdominal aortic plaques. Kazuhiro Ashida et al reported that the prevalence and extents of plaques in both the thoracic and abdominal aortas were greater in patients with CAD than in those without CAD by using CMR. But they reported that plaque in abdominal aorta was not an independent factor for CAD.[@b9-cia-11-683]--[@b11-cia-11-683] Although CMR was a useful tool for evaluating atherosclerotic plaques in both the thoracic and abdominal aortas,[@b12-cia-11-683] it is neither convenient nor cost efficient. In consequence, CMR may not be routinely used in population-based studies for detection of aortic plaques.

The association between CAD and abdominal aortic plaques has not yet been clarified clearly. Ultrasound imaging has become a useful tool for evaluating atherosclerotic plaques in abdominal aortas, which is relatively cheap, noninvasive, easy to assess, and cost efficient. In the present study, we used ultrasound imaging to determine the prevalence of abdominal aortic plaques and to explore its association with CAD in patients undergoing coronary angiography. The prevalence of abdominal aortic plaques was higher in patients with CAD than those without CAD. In multivariate analysis, abdominal aortic plaque was an independent factor associated with the presence of CAD. Stepwise increases in the prevalence of abdominal aortic plaque were found to depend on the number of stenotic coronary vessels. Abdominal aortic plaque was an independent factor associated with the severity of CAD.

In our study, we tried to clarify the association between subclinical arterial wall changes in abdominal aortas and the presence and severity of CAD. According to our results, abdominal aortic plaque was found to be an independent factor associated with the presence and severity of CAD. Although atherosclerosis mainly manifests itself in medium-sized vessels, it is also present in the great vessels, such as the abdominal aorta and the carotidartery.[@b15-cia-11-683] The pathway from risk factors to clinical disease is probably through the development of a subclinical state. Therefore, the identification of these subclinical states may provide a very important marker for the effects of risk factors on the cardiovascular system among relatively asymptomatic individuals. The 2014 ESC guidelines on the diagnosis and treatment of aortic diseases recommended that population screening for AAA should be performed by abdominal aorta ultrasound in all men \>65 years of age (Class I, Level A).[@b13-cia-11-683] Our study found that abdominal aorta ultrasound can not only detect AAA but also abdominal aortic plaque, which was an independent factor associated with the presence and severity of CAD. Researchers found that the extent of thoracic aortic atheroma burden was independently associated with increased long-term mortality in patients following cardiothoracic surgery.[@b8-cia-11-683] This is an attractive hypothesis that this relationship is not limited to patients after surgery, but describes general atherosclerotic disease patterns of the aorta, with impact for prevention of cardiovascular events. Identifying abdominal aortic plaques will be of utmost importance for early diagnosis and intervention of CAD, which will reduce severe cardiovascular events in turn.

Limitations
===========

There were several limitations in this study. First, our study population was Chinese patients undergoing angiography, who are generally considered to be a highly selected population at high risk for CAD. Because of this selection bias, our results may not be applicable to the general or other ethnic populations. Therefore, screening for abdominal aortic atherosclerosis in an asymptomatic population is necessary. Second, atherosclerosis varies in severity depending on multiple features that contribute to plaque progression and "stability". Plaque instability has been confirmed as a main cause of acute coronary syndrome.[@b23-cia-11-683] Due to the technical limitations of ultrasound imaging, we cannot assess the stability of abdominal aortic plaque and its association with coronary plaque instability. Recently, researchers have found that targeted fluorescence activatable cell-penetrating peptides (ACPPs) probes distinguished disrupted plaques from stable plaques with high sensitivity and specificity in an animal model. The combination of anatomic, magnetic resonance imaging -- derived predictors for disruption and ACPP uptake can further improve the power of identifying high-risk plaques.[@b24-cia-11-683] With the recent development in technology, it is possible and necessary to further assess the stability of abdominal aortic plaques and their association with CAD. Third, ultrasound imaging was used to evaluate abdominal aortic plaques, but coronary angiography was used to evaluate coronary atherosclerosis, which cannot visualize plaques, and it only shows lumen characteristics. Our current study cannot elucidate the associations of abdominal aortic plaques with coronary artery plaques. Fourth, atherosclerosis is a systemic disease affecting not only the coronary and carotid arteries but also the thoracic and abdominal aorta and the lower extremities. Our present study focused only on abdominal aortic atherosclerosis and CAD.

Conclusion
==========

In conclusion, the prevalence of abdominal aortic plaques was higher in patients with CAD than those without CAD. Abdominal aortic plaque was an independent factor found to be associated with the presence and severity of CAD.
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###### 

Clinical characteristics in patients with and without CAD

  Characteristics     CAD (+) (N=1,268)   CAD (−) (N=399)   *P*-value
  ------------------- ------------------- ----------------- -----------
  Age (years)         63.57±10.60         61.24±0.68        \<0.001
  Sex (male)          947 (74.7)          201 (50.4)        \<0.001
  Smoking             464 (36.6)          92 (23.1)         \<0.001
  Hypertension        778 (61.4)          187 (46.9)        \<0.001
  Diabetes mellitus   365 (28.8)          68 (17)           \<0.001
  CKD                 233 (18.4)          38 (9.5)          \<0.001
  Triglyceride        1.63±1.25           1.57±1.24         0.411
  Total cholesterol   4.56±1.16           4.38±1.24         0.009
  LDL-C (mmol/L)      2.62±0.99           2.57±0.99         0.445
  HDL-C (mmol/L)      1.04±0.27           1.17±0.34         \<0.001
  AAP                 473 (37.3)          68 (17)           \<0.001

**Note:** Data are presented as the mean ± SD or the number (%) of patients.

**Abbreviations:** CKD, chronic kidney disease; LDL-C, low density lipoprotein-cholesterol; HDL-C, high density lipoprotein-cholesterol; AAP, abdominal aortic plaque; CAD, coronary artery disease; SD, standard deviation.

###### 

Factors associated with the presence of CAD (multiple logistic regression analysis of the 1,667 study patients)

  Variables           OR     95% CI       *P*-value
  ------------------- ------ ------------ -----------
  Sex (male)          2.45   1.76--3.41   \<0.001
  Diabetes mellitus   1.54   1.09--2.17   0.014
  AAP                 2.08   1.50--2.90   \<0.001

**Notes:** The dependent variables indicate the presence of CAD. The factors analyzed included age, sex, smoking, hypertension, diabetes mellitus, chronic kidney disease, triglyceride, total cholesterol, LDL-cholesterol, HDL-cholesterol, and abdominal aortic plaque.

**Abbreviations:** OR, odds ratio; CI, confidence interval; AAP, abdominal aortic plaque; LDL-C, low density lipoprotein-cholesterol; HDL-C, high density lipoprotein-cholesterol; CAD, coronary artery disease.

###### 

Factors associated with the severity of CAD (ordinal logistic regression analysis of the 1,268 study patients with CAD)

  Variables           One-vessel disease (N=363)   Two-vessel disease (N=306)   Three-vessel disease (N=599)   Multivariate analysis
  ------------------- ---------------------------- ---------------------------- ------------------------------ -----------------------
  Age (years)         63±10.74                     63.24±10.79                  64.09±10.40                    0.445
  Sex (male)          253 (69.7)                   240 (78.4)                   454 (75.8)                     0.814
  Smoking             119 (32.8)                   124 (40.5)                   221 (36.9)                     0.941
  Hypertension        212 (58.4)                   184 (60.1)                   382 (63.8)                     0.789
  Diabetes mellitus   68 (18.7)                    77 (25.2)                    220 (36.7)                     \<0.001
  CKD                 52 (14.3)                    46 (15)                      135 (22.5)                     0.027
  Triglyceride        1.54±1.06                    1.75±1.73                    1.63±1.04                      0.778
  Total cholesterol   4.47±1.23                    4.40±1.29                    4.32±1.22                      0.089
  LDL-C (mmol/L)      2.56±1.04                    2.58±1.03                    2.59±1.03                      0.033
  HDL-C (mmol/L)      1.13±0.03                    1.04±0.26                    1.00±0.24                      \<0.001
  AAP                 98 (27)                      107 (35)                     268 (44.7)                     \<0.001

**Notes:** Data are presented as the mean ± SD or the number (%) of patients. The dependent variables indicate the severity of CAD according to the number of stenotic coronary vessels. The factors analyzed included age, sex, smoking, hypertension, diabetes mellitus, chronic kidney disease, triglyceride, total cholesterol, LDL-cholesterol, HDL-cholesterol, and abdominal aortic plaque.

**Abbreviations:** CKD, chronic kidney disease; LDL-C, low density lipoprotein-cholesterol; HDL-C, high density lipoprotein-cholesterol; AAP, abdominal aortic plaque; CAD, coronary artery disease; SD, standard deviation.
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